Moving embedded solitons by Champneys, AR & Malomed, BA
                          Champneys, A. R., & Malomed, B. A. (1999). Moving embedded solitons.
Link to publication record in Explore Bristol Research
PDF-document
University of Bristol - Explore Bristol Research
General rights
This document is made available in accordance with publisher policies. Please cite only the published
version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms.html
Take down policy
Explore Bristol Research is a digital archive and the intention is that deposited content should not be
removed. However, if you believe that this version of the work breaches copyright law please contact
open-access@bristol.ac.uk and include the following information in your message:
• Your contact details
• Bibliographic details for the item, including a URL
• An outline of the nature of the complaint
On receipt of your message the Open Access Team will immediately investigate your claim, make an






















$02GA02"Y7M3B7Fb+Wﬀ?!023±*+ L-0½60AL-05 E!02W¾ "ﬀ9ŁL-0271ﬀ.a0½9-;/¿`ÀEÁ}Â¨ÃÀŁÄ
ÅAÆ
3B9#V?!7 #6B1ÈÇ L#02ÉÊ?@3±,89Y6B0D #GAG2b+6 -7B0D3?@"+G`0[Çf0Wﬀ9Ë"ﬀ9#7± -3BÌ
3Fb+,80?!"Y7B02>#6F -Íﬀ?!!?V71aÎ7*+ -7?@3ZÏ`Ð·ÑuÏuÒ-Ò-ÏuÒ?@"Y7B9·7F*ﬀ0'G`9Y"#7?!"Sbﬀ9Yb+3
3F.a05G`76Fb+,UH?O& 0-&!Hg7*ﬀ0M39-!?!7B9#"gÓ 3h?@"#7026F"+ Ee;602ÔSbﬀ05"+G`1D?!3?@"Ê6B053_Ì
9#"a -"+GA0\ÇJ?!7*[V?@"ﬀ05 -6
Å










Wﬀ05GA 1S?!"+>SÎ^3B9#V?!7B9Y"+3sGA #"80`×ﬀ?!37 -3áuÀ5ÒŁÂ¨Ð·Ï`Äa¿zÂÀŁÄaâBÀEÄªÏ3B9#!bﬀ7?V9Y"+3
?V;_H) -7ﬂWﬀ?@3FGA60A7B0ZL -!b+023ﬂ9E;7*+0
Å
ÔSb+ #3B?VÌBÎ39-!?V79#"PÓ 3?@"Y7B026F"+ -g;60`Ì





 -7/V05 -37uÎ7Ç9ÊÍ+6 #"+Gz*ﬀ053AH
9#"+0[G`9Y66023F.d9#"+Wﬀ?@"ﬀ>79¹0`×+.d9#"ﬀ05"#7?! -V!1ÞV9ﬀG2 E!?Vä202W39-@bﬀ7B?!9#"+32H
 -"aWæ7F*ﬀ0Ö9#7*ﬀ0567B9ç6F -W+?! -7B?!9#",\9ﬀWﬀ053A&è]_"7B056,/3¹9-;U7F*ﬀ0








?@"ìÇ: E7B056_Ì|Ç: L-0,89SW+0A@3íÛ îﬀH ïŁÜ½ -"+Wì?!"ì30AL#026F EU"ﬀ9#"ﬀ!?@"ﬀ02 #6_Ì
9#.+7B?@GA Eﬀ9Y"ﬀ0232HŁ0-& >a&!H- hNJ6 ->->ﬂ>#6F E7B?@"ﬀ>hÇJ?V7F*/Wﬀ?!3F.d026F3B?!9#"\ -"+WdðŁ9#6








<:QS3 #6B0Ú?@"#70260237B?@"ﬀ>;«9#6Ö30AL#026F E½602 -39#"a3AHØd6F37B!1ôÍa0AÌ
GA #b+3087F*ﬀ0A1Ù;6B05ÔYb+02"Y7B!1[ #.+.a05 -6hÇ*ﬀ05"*+?V>Y*ﬀ026BÌO9Y6W+026
Å
3?!"ﬀ>YbSÌ




QY05G`9#"aWﬀV1#H9#.+7B?@GA Eﬂ<:QS3U,/ 1¾*a L-0DGA9#"+3?!W+026F -Íﬀ!0Ù.a9#7B05"#7?! -
;«9#68 -.a.ﬀV?@GA -7B?!9#"+32HªõBb+378Íd02G2 -b+30%7F*ﬀ0A1 -60%?@39-@ E7B05W3B9#V?!7B9Y"+3
6F E7*+026e7*a -"/,802,ZÍd026F3e9E;PG`9Y"Y7B?@"Yb+9#b+3=; #,\?!!?V053A&=ce?!"+ -V!1-HY -"+W
,89#37GA6Fb+GA?! -V!1M;«9Y67*+0A?@6ﬂ.+*Y1ﬀ3?!G2 E #.+.ﬀ!?!G2 E7B?!9#"a3AHd?V7h -.+.d02 #63
7*a E7'<JQS3' -60¿AÏ`Ð8Â Ì3B7F -Íﬀ!0M9#Íﬀõ_02G`7F3A&UIJ*+ E7Z?!32H= #3?@3Z.+69ŁL-05"
?@"È$0`;_&hÛ óÜh -"+ -V1S7B?@GA -V!1¹?@"Þ Ê>-02"+026F E;«9#6F,ö #.+.ﬀ!?!G2 -Íﬀ!0½7B9
<JQS3?@"Ù #"#131S37B05,UHª #"+W½Gz*ﬀ02Gz÷-02W"Sb+,8026?!G2 E!V1U?@"½7B056,/39-;
7F*ﬀ0ZQYòÕøÌWﬀ0`;«9ﬀG2b+3B?@"ﬀ>-ÌOX0566,89SW+0AOH+7*ﬀ021% -603B7F -Íﬀ!0?!"±7*ﬀ0
!?@"ﬀ02 #6Z -.a.+6B9×ﬀ?@,/ E7B?!9#"ÊÍ+b+7\ -60%3Fb+ÍSõ_05G`7Z79D D3!9ŁÇJV1[>#69ŁÇ:Ì
?@"ﬀ>
Å








?@"/3B1ﬀ37B05,83eÇ*+02607F*ﬀ0A18GA #"+"ﬀ9-7sÍd0J>-05"ﬀ026F E702WZÍY18 h376F E?!>#*Y7BÌ
;«9Y6BÇ: -6FW½7F6 #"+3_;«9Y6,/ -7B?!9#"
Å
7*ﬀ0· -Ía3B05"+G`089E;f3Fb+Gz* %7F6 #"+3B;«9#6BÌ
,/ -7B?!9#"?@371ﬀ.ﬀ?@GA E?!"½"ﬀ9Y"ﬀ!?!"ﬀ05 -6BÌO9Y.ﬀ7B?@GA -31S37B05,/3uÎz&:IJ*+0'9#ÍSÌ
õ_05G`7?VL#09E;g7F*ﬀ0.+602302"Y7Ç9#6F÷'?@379Z302 -6FGz*\;«9#6f,\9ŁLS?@"ﬀ><:Qﬀ3?@"
 ½.a*#1ﬀ3?!G2 E!V1D?!,/.d9#67 -"Y7'31ﬀ3B702,UHLS?!ä-&!H= "ﬀ9Y"ﬀV?@"ﬀ05 -6NJ6F E>->-Ì
>Y6 -7B?@"ﬀ>[,89ﬀWﬀ023B?@,8?V@ -687B9Ê7F*+ E7/Ç*ﬀ?@Gz*ËÇ: -3\?@"#7F6B9ﬀW+baG`02WÈ?@"





3B020DÍd0A!9ŁÇﬂÎuH:7*ﬀ?@3%31ﬀ3B702,ü*+ -3M Ía6B9Y -Wﬀ056
.a*#1ﬀ3?!G2 Ea.ab+6.d9#677F*+ -"/Ç: -39#6?V>#?!"+ -V!1Z #33Fb+,802W/?@"DÛ ñEÜ|&=IJ*ﬀ0
 #Í+302"+GA0Z9E;Õh -V?!!02 -"D9#6ý9#602"Y7äA?@ -"½?@"YL #6B?@ -"aG`0'?@"Ù?!7ﬂ?@3h9#ÍSÌ
LS?!9#b+3UÍd02GA #b+30[7F*ﬀ0260[?@3½ ¾6B0A;«02602"+GA0Ù;6F -,80[?@"ûÇ*ﬀ?!Gz*7*ﬀ0
NJ6F E>#>\>Y6 -7B?@"ﬀ>/?!3ÔSbﬀ?!023FG`05"Y7A&ﬃV7F*ﬀ9#bﬀ>Y*U0`×+ -GA7:39-@bﬀ7?V9Y"+3:;«9#6
,89ŁLS?@"ﬀ>39-!?!7B9#"a38 #6B0 LŁ E?!! #Íﬀ!0±?@"Ë7F*ﬀ0½76F -W+?V7?V9Y"+ E:L-0563?!9#"
9-;7*+?!3J,89ﬀWﬀ0APÇ*+?!Gz*U"ﬀ0A>#V05G`7F3f7F*ﬀ03B05G`9Y"+W%Wﬀ056B?!LŁ E7?VL#07B056,/3









































òﬂ0260-Hﬀ7F*ﬀ0ZGAbaÍﬀ?!G #"+WUV?@"ﬀ02 #6JGA69#3F3_ÌG`9Yb+.ﬀ!?!"+>\7026F,83J #GAGA9#b+"Y7AH
T
6023F.a05G`7B?!L-02V1#H=;«9#68"ﬀ9#"ﬀ!?@"ﬀ02 #6ZGA69#3F3BÌ|.+*a -30M,\9ﬀW+b+! -7B?!9#"+38 -"+W

































 -"aW·7*ﬀ0ﬂòﬂ #,\?!!7B9#"+?! #"PHY #"·0`×+.+6023F3?V9Y"Z;«9Y6Ç*ﬀ?@Gz*·?@39YÍYLY?!9#ba3A&
IJ*ﬀ0±05"ﬀ026>-1¹.+! 1ﬀ38 [G26b+GA?! -J6B9#V0±?!"¾ -"+ -V1Sä2?!"ﬀ>[<:Q¹3B7F ŁÌ
Íﬀ?!V?!71[Û óÜ|H+ -3:<JQS3: -60ﬂ?@3B9#! -7B05W±39-@bﬀ7B?!9#"a3fÇJ?!7*Ub+"ﬀ?@ÔSbﬀ0A!1±W+0`Ì
7B056,8?@"ﬀ02WLŁ -!bﬀ0539-;e7F*ﬀ0Z05"ﬀ026>-1#&fòﬂ02"+GA0-H) -"Y1±3F,/ E!^.d0267b+6BÌ
Í+ -7B?!9#"ÈÇ*ﬀ?!Gz*Þ3V?!>#*Y7V1¹?@"+G26B05 -3023/ -"È<:QªÓ 3/02"+026>-1-Hf?!3%3 E;«0-H
Ç*ﬀ?!V08 M.d0267b+6FÍ+ E7?V9Y"7*+ -7ﬂ3V?!>#*Y7V1½Wﬀ05GA602 -302302"ﬀ056B>#1%76?!>EÌ
>-0563f \3!9ŁÇ
Å
3baÍSÌO0A×+.a9Y"ﬀ02"Y7B?@ E«ÎWﬀ02G2 1\?@"Y7B9/6 #Wﬀ?! -7B?!9#"P&QY9\?!"






î#ÎG2 -"UÍa0\Wﬀ026?VL#02W%;6B9Y, CD E×SÇ0A!OÓ 3:05ÔYba ŁÌ
7B?!9#"a3D;«9Y6Ê û"ﬀ9Y"ﬀ!?!"ﬀ05 -6Ê,802Wﬀ?@b+,UHM -3F3Fb+,8?!"ﬀ>í û3Fb+.d026F.a9Y3B?VÌ





























Î -60'3B!9ŁÇJ!1%LŁ -61S?!"ﬀ>MGA9#,/.+ #6B05W±ÇJ?!7*7F*ﬀ0
6F -.ﬀ?@Wﬀ!1¹9#3FG`?!V@ E7?!"+>G2 -6F6B?!0268Ç: L-0232&ÞI^ #÷#?@"ﬀ>[;«9#6·3?!,/.ﬀ!?@G`?!71
 M,802W+?!b+, Ç*ﬀ9Y3B0Z7B02,/.d9#6F E=Wﬀ?!3F.d026F3B?!9#"½,/ 1Ía08"ﬀ0A>#V05G`7B05WPH














Wﬀ056B?!LŁ E7B?!L-07026F,/3A&IJ*ﬀ?!3?!3J7F*ﬀ0Z37 #"+W+ -6FW,89SW+0Ag9-;e /NJ6F E>->
60=

















7*+0'0`é)02GA79E;s7*+0Z -W+W+?V7?V9Y"+ Eg7026F,/3,/ 1±Íd0Z3B0202"?V;s7*ﬀ0'9YÍSÌ
3026L -7B?!9#"D7B?@,\0·?@3@ -6>-0Z05"ﬀ9#b+>#*P&/ﬃ"0237B?@,/ E7089-;60A!0ALŁ -"Y7


































































































































?«Îf \"ﬀ9Y"ﬀ!?!"ﬀ05 -6NJ6 ->->-ÌO>Y6 -7B?@"ﬀ>',802Wﬀ?@b+,
?@"½Ç*ﬀ?@Gz*¿eU+ßŁÃOÂßŁÁÒŁÂ@¿eU+Ï`ëu¿zÂÀEÄ½?!3ﬂ7 #÷E02"Ù?!"Y7B9U6B02># #6WPHª -"+W
Å
?!?¨Î
3F.+ -7B?@ E02L-9-@bﬀ7?V9Y"Ë?@" .ﬀ@ -"+ #6·Ç L#0A>Ybﬀ?!W+0U05ÔSbﬀ?!.a.a05WÞÇJ?V7F*
 DNJ6 ->->½>#6F E7?!"+>D?@"7*ﬀ0±;«9#6F,å9E; [3B027\9-;.+ -6F E!!0A:3GA9#60232H
?@"Ç*ﬀ?@Gz*Þ9#6FWﬀ?@"+ -61ÈW+?éP6 #G`7?V9Y"Þ?!3±7 #÷E02"Þ?@"Y7B9Ë60A>Y -6FWPH:7*ﬀ0
702,/.d9#6F E:LŁ -6?! #ÍﬀV0










7?V9Y"PHSLS?Vä#&VHﬀ Zba3b+ -dNJ6F E>#>EÌ|>#6F E7B?@"ﬀ>3B1ﬀ37B05,þÇJ?V7F*MÇ: L-0J7B056,/3
7F -÷-02"±?!"Y7B9·60A>Y -6FWPHﬀ3B0202,/3J,89#37:;b+"+W+ #,\05"Y7 EO&
I^9Z!9Y9Y÷\;«9#6f<:Q/39-@bﬀ7B?!9#"a3AHSÇ0ﬂ,Zba3B7fØd6F3B73 -7B?@3_;«1/7*+0"+02GzÌ




3F*ﬀ9Ybﬀ!WÞÍd0½9E;3 #W+Wﬀ!0`ÌG`05"#7F6B0U71ﬀ.a0#&ûIJ*+ -7·?!32H: E7·!02 -37·9#"+0
.a E?@69-;g0A?!>-02"YLŁ E@bﬀ053,Zba3B7:Ía0.+b+60A!1/?!,/ ->-?@"+ -61
Å
9-7F*ﬀ026ÇJ?!30-H
Ç0 -60Wﬀ02 -V?@"ﬀ>¾ÇJ?V7F*æëFÏOúTﬀÁVßEëzH?¤& 0-&ã"ﬀ9Y"SÌ|02,ZÍd02WaWﬀ02WPH39-!?Ì
79#"+3zÎuH #"+W¹ -7Z!02 -37Z9Y"ﬀ0±.a E?@6Z,Zba3B78"ﬀ9-7/Ía0U.+b+60A!1Ê?!,/ E>#?Ì
"a -61
Å
9#7*ﬀ056BÇJ?@3B0#Ha7F*ﬀ0260'GA #"UÍd0Z"ﬀ9%0`×+.a9Y"ﬀ02"Y7?! -V!1%Wﬀ05GA 1S?!"+>






05 -6?Vä202W½05ÔSb+ E7?V9Y"+3ﬂ #"+W3B9#VLS?@"ﬀ>%7F*ﬀ086023Fbﬀ!7B?@"ﬀ>U0A?!>#*Y7*SÌ|9#6FWﬀ056
 -V>#02Í+6F E?@Gf02ÔSb+ E7?V9Y"/"Yba,\056B?@GA -V!1-&=]7?@3s02 #3B1\7B9'Wﬀ05,89#"+376F E70
7F*+ E7ﬂ.+b+60A!1U602 -g9#6J?@,/ E>#?!"+ #6B1±0A?!>-05"#LŁ -!bﬀ053 E!Ç: 1S3J #.+.d02 -6
?@".+ E?@632Hg -"aWDG`9Y,/.ﬀV0A×D0A?!>-05"YL -!b+023ﬂ?!"ÔSb+ -W+6Fb+.ﬀ!023ﬀh?;
j
?!3





































Î±Ì|3F.+ #G`0¹60A7 -?!"Ú0A×+ -G`7V1û7*ﬀ0¾3 #,80
,805 -"ﬀ?@"ﬀ>
Å
Í+bﬀ7=7*ﬀ056B0: -60f #W+Wﬀ?!7B?!9#"+ -YÍd9#ba"+Wﬀ?@"ﬀ>ﬂ3Fb+6B; -G`0537F*+ E7


















7F*ﬀ0\3F -,80'702Gz*+"+?!ÔSbﬀ053ﬂ #3b+302W½?@"½$0A;_&eÛ ñEÜ|&ﬂIJ*a E7?@3AHP.d9#3?!"+>
 Z7Çf9-Ì|.d9-?@"Y7fÍd9#b+"aW+ -61YÌOLŁ E@bﬀ0h.+6B9YÍﬀ!02,þ9#"% Z!9#"ﬀ>8Í+bﬀ7Ød"ﬀ?!7B0

ÌO?@"Y7B056BLŁ EOHÇJ?!7*¾Ía9Yb+"+W+ #6B1GA9#"+Wﬀ?!7B?!9#"a38Gz*+9#302"¹39[7F*+ E787B9
.+! #G`0·7*+0%3B9#!b+7B?!9#"?!"Ê7F*ﬀ0M37 -Í+V0M9Y6b+"+37 #ÍﬀV0%0A?!>-02"a3.+ #G`053
 -77F*ﬀ0Z05"+W+.d9-?@"#7F3·Û}T#T`Ü|&ﬂIJ*ﬀ08Ía9Yb+"+W+ #6B1YÌ|L -!b+0Z.+69#Íﬀ!02, GA #"





 #6B08 E!Ç 1ﬀ3ﬂ0AL#02"½;ba"+G`7?V9Y"+3AHÇ*ﬀ?V!087*ﬀ0·602 Es.+ #6B7F3 -60Z9ﬀW+WP&
Kh3B?@"ﬀ>ﬂ7*ﬀ053B0hëÏAùÏAëu¿zÂÑ`Â¨Á}Â¨Ã3wfGA9#"+W+?V7?V9Y"+3e E77F*ﬀ0:,\?@W+.d9-?@"Y7^9-;a7*ﬀ0









<JQS3%,/ 1È02 -3?!V1¾0`×ﬀ?@3B7%Íabﬀ7±*+ L#0D"ﬀ9ËGz*a -"+GA0½7B9ÈÍd0D37 #ÍﬀV0
Û óÜ|&sﬃ"%?!,/.d9#67 -"Y7?!"+>#602Wﬀ?!02"Y79-;7*+0h702Gz*+"+?!ÔSbﬀ0h?!37F*ﬀ0hGA9#"SÌ
7?!"Sb+ -7B?!9#"U9E;s39-@bﬀ7B?!9#"+3J #3:LŁ -6?V9Yb+3J6B02V02LŁ -"Y7J.+ -6F -,80A7026F3: -60
î
LŁ -6?V05WPHJÇ*ﬀ?@Gz*ÞÇ #3MGA #66?!02W¾9#bﬀ7±Í#1Þ,802 #"+3M9-;7F*ﬀ0[÷S"ﬀ9ŁÇ"









;«9#ba"+W?@"Ê$0`;_&JÛ ñ-ÜOH=Ç*ﬀ?@Gz*Ç: -3'3769#"ﬀ>#V1D; -GA?V!?V7F E702WÍY1[7F*ﬀ0










Y K H)7*Sb+3h6B05W+b+G`?@"ﬀ>±7*ﬀ0/3B1ﬀ37B05,±Ó 3
9#6FWﬀ056;69#,åR½7B9[ña&IJ*ﬀ0U6023Fbﬀ!7'Ç: -3\7*+ -7Z7*+0260%0`×ﬀ?@3B7\0`×SÌ
 -GA7B!1½7*+60A0/Wﬀ?Véª056B05"Y7hÍ+6F -"aGz*ﬀ023ﬂ9E;fÔSbﬀ?!023FG`05"Y7ﬂ<JQ½39-@bﬀ7B?!9#"+32&
N:02G2 -b+30Z<JQS3h0`×ﬀ?!37 E7h?!39-@ E702WÙLŁ -!bﬀ0539-;f7F*ﬀ0\05"ﬀ026>-1#H)02 -Gz*
















































GA -g6B05 -39#"M;«9#6:7*+?!3JGA9SW+?!,802"a3B?!9#"±?!37*+ -7AHS;«9#6:7F*ﬀ0'RE7F*SÌ|9#6FWﬀ026
,89ﬀWﬀ0AOH^7F*ﬀ0260% #6B0½Ã3{À·.+ -?!6F39E;:0A?!>-05"YL -!b+0239Y"[7F*ﬀ0M?@,/ E>-?VÌ
"+ #6B1/ Ł×ﬀ?@3AHS6 -7*ﬀ056s7*a -"·9Y"ﬀ0ﬂ.+ -?!6;«9#67*ﬀ06B05W+b+GA02W/ñ-7F*SÌ|9#6FWﬀ026
,89ﬀWﬀ0A=3 -7B?@3_Øa05W½ÍY1±7F*ﬀ0\ÔSbﬀ?!023FG`05"#7<:QS32&Jﬃç3?!,/.ﬀ!0ZG`9Yb+"Y79E;
7*+0MWﬀ?!,805"+3B?!9#"[9E;7*ﬀ0Mba"+3B7F -Íﬀ!0·,/ -"ﬀ?V;«9-@W[ #"+W[7*+ -79E;f7F*ﬀ0
31S,/,80A7F6B?@G3B027=9-;d7F*ﬀ0J6B02L-026F3?!Íﬀ?!!?V711S?V02!Wa3^7F*+ E7e7Ç9h.a -6F -,80`Ì
7B0563s #6B0J"ﬀ05G`0533F -61?!"89Y6Wﬀ056=7B9;«9#6FG`0:7F*ﬀ0A?@6s?@"#7026F3B05G`7?V9Y"\ #"+WPH
















;«9#6U7F*ﬀ?!3DGA -30Ê -603Fb+,/,/ -6?Vä202WÖ?@"ûc=?!>a& T-HhÇ*ﬀ?@Gz*û3F*ﬀ9ŁÇ3
7*a E7·02 #Gz*ÞÍ+6 #"+Gz*È9E;ÔYb+?V053GA02"Y7·<:QS3%3B9#!bﬀ7?V9Y"+3/>-?!L-053·6B?@30-H



































IJ*ﬀ?@66?@"ﬀ>Ë,89ﬀWﬀ0A·Û jEÜOH?V7U*+ -3±"ﬀ9È376F E?!>#*Y7_;«9Y6BÇ: -6FW¾,\05 -"ﬀ?@"ﬀ>
;«9#6Z9#.ﬀ7?!G2 E3B1ﬀ37B02,/32&DIJ*ﬀ056B0A;«9#60-H=Çf0U"ﬀ9ŁÇ;«9SG2b+38 E7B702"Y7B?!9#"







7B9±Í+6 #"+Gz*ﬀ053:9E;,89ŁLY?@"ﬀ>M39-!?V79#"+32&:QﬀGA -"a"ﬀ?!"+>M7*ﬀ0\.+ -6F -,80A7026
3F.+ #G`0*+ #3^"+9-71S?!0A@Wﬀ02WZ -"Y1hW+?!3õ_9-?@"Y7^Í+6F -"+Gz*gHG`;_&2ce?!>a&fT-&^IJ*+?!3
G2 -30'?@3ﬂ3F*ﬀ9ŁÇ"PHª?!"DLŁ -6?V9Yb+3J;«9Y6,/32Hd?@"Ùce?!>a&Pîﬀ&]7h?@3?@"Y7B0260237_Ì
?@"ﬀ>dHE?!"/.+ #6B7?!G2bﬀ@ -62HŁ7*+ -7s7*ﬀ0J,89#,802"Y7Fb+,9-;ª7F*ﬀ0J,\9ŁLS?@"ﬀ><:QS3










?@3023F.a05G`?@ E!V1·?@,/.a9Y6B7F -"Y7A&ecd9-!V9ŁÇJ?@"ﬀ>Z7F*ﬀ0V?@"ﬀ053:9E;7F*ﬀ03B7F -Íﬀ?!Ì
?!71Ê -"+ -V1ﬀ3?!39-;J<:QS3'W+0AL-02V9Y.a05WÊ?!"ûÛ óŁÜOH=Çf0±GA -"Wa6 Çþ3B9Y,80
GA9#"+GA!ba3B?!9#"+3JGA9#"+GA026F"ﬀ?@"ﬀ>/7*ﬀ0Z37 #Íﬀ?!V?!71%9-;eÍd9-7F*71S.d0239E;s7*ﬀ0
39-!?!7B9#"gHf -3/Ç0A! -3/7F*ﬀ0A?@6·.d9#3F3B?@Íﬀ!0 #.+.ﬀ!?!G2 E7?V9Y"+3A&ÞﬃG2G`9Y6WSÌ
?@"ﬀ>±7B9%7F*ﬀ0\6023Fbﬀ!73ﬂ9E;ﬂÛ óÜ|Hª ±3,/ -Ve.a056B7Fb+6FÍ+ E7?V9Y"¹Ò-Ïuá`ëFÏFßŁ¿zÂ¨ÄYú
7F*ﬀ005"ﬀ026>-1\9E; #"/?!39-@ E702W/<:Q839-@bﬀ7?V9Y"/76?V>#>-026F3 'GA9#"Y7B?@"Sb+ E
W+02GA602 #3B0ﬂ9E;=02"ﬀ056B>#1·LY?@ \02,8?!3F3?V9Y"%9-;^6 #Wﬀ?@ E7B?!9#"g&=]_"±7*+03?!7bSÌ
 -7B?!9#"G`9Y"+3?!Wﬀ056B05WU?!"$0A;_&=Û óÜ|Ha7F*ﬀ?!3Çf9Ybﬀ@W±!02 #W7B9MGA9#,/.ﬀ!0A7B0
W+02GA 1\9E;P<:Q\?@"Y7B9Z6F -W+?! -7B?!9#"P&=ò9ŁÇ0AL#0262HE?!"M7*ﬀ0.a6B053B05"#7fGA -30-H
7F*ﬀ0260?!3J \>-9S9ﬀWUGz*+ -"+GA0;«9Y6J /,\9ŁLS?@"ﬀ>8<:Q/79·3*ﬀ05W±"+9-7J9#"+V1
05"ﬀ026>-1#H5Íabﬀ7^ -!39,89#,802"Y7ba,±HŁ #"+W0AL#02"Y7b+ -V!1h7B97Fb+6"'?!"Y7B9ﬂ 
ÔSbﬀ?!023FG`05"Y7^<JQª&ŁN:02GA #b+30f7F*ﬀ0J?!"a3B7F -Íﬀ?!V?!71'60A@ E7B05WZ797*ﬀ?@3e76F -"SÌ
3?!7B?!9#"[?!3Ç02 #÷
Å





CÙ9Y6B029ŁL-0262H7F*ﬀ?!3±G`9Y"SØa>#ba6 -7B?!9#"¾*+ -3±.a9#7B02"Y7?! -b+30Ù?!"Þ #"
9Y.ﬀ7B?@GA -Ì,802,89#61ÙWﬀ02LY?@G`0#&M]|;J -"?!"aG`9#,8?@"ﬀ>½,89ŁLY?@"ﬀ><:Q[602.SÌ
602302"Y7F3ﬂ U"ﬀ0AÇæÍﬀ?V79-;f?@"S;«9#6F,/ E7B?!9#"gHª?!736F -W+?! -7B?!9#"SÌ,802Wﬀ?@ E702W
7F6 #"+3?V7?V9Y"M?@"#798 8ÔSbﬀ?!023FG`02"Y7<:QMGA -"±Ía07F6B?!>->#02602WMÍY1M 83.d0`Ì
GA?! -V!1D?@"+30267B05W.d0267ba6Í+ -7B?!9#"
Å
0#& >d&VH^ V9ﬀGA -V?!äA05WÊ3.+ -7B?@ E?@"SÌ
*+9#,89->#02"ﬀ02?V71#HﬀÇ*ﬀ?!Gz*G2 -"Ía0\6B05 -Wﬀ?!V1±,8 #Wﬀ0Z3ÇJ?V7FGz*+ -Í+V0 -"aW
,89ŁLŁ -Í+V0?V;GA602 -7B02WÍY1 ·! #3B056Íd02 -, ;«9ﬀGAba3B05W9#"½ M3F.a9#7?@"
7F*ﬀ0',802Wﬀ?@b+,MÎu&IJ*Sb+3AHa7*ﬀ0?@"+G`9Y,8?!"ﬀ>·Íﬀ?!7GA9#bﬀ@W±Íd0ZG2 -.ﬀ7Fb+6B05W
 #"+WU3B79#602W±?!"U7*+0',\05,89#61-&
$027b+6F"ﬀ?@"ﬀ>%79%7*+0Z>-05"ﬀ026F E= -"+ -V1ﬀ3?!39E;,89ŁLS?!"ﬀ>%<:QS32Ha;ba6_Ì






9E; -"Y1ÊÍ+6F -"+Gz*Ê0A×S?@37B?@"ﬀ>[ -7
")/
ßM~f -GzÌ





ßM: îﬀH) -"+WD?!"Ù7*ﬀ0/3 #,80\60A>-?!9#"D 
"+0AÇìÍ+6F -"+Gz* #.+.d02 -6F3'7F*+ E72Hs0AL#02"Y7b+ -V!1-HsGA9#"Y7B?@"Sbﬀ023Z7B9D7F*+ E7
;«9Yb+"+W½ -7
"4/
TS>-îﬀ&(f9#"Y7B?@"Sb+ E7?V9Y"U9E;s7*ﬀ?@3Ía6 #"+Gz*U7B9M@ -6>-056
LŁ -!bﬀ053e9E;
"[Å
Ç*ﬀ?@Gz*PHE?@"8.a6B?@"+G`?@.ﬀ!0-HY,8 1\*+ L-0:.+*Y1ﬀ3B?@GA -+,\05 -"SÌ
?@"ﬀ>h?!"\7B056,/3=9E;ª.+ -6F E!V02ÌG`9Yb+.ﬀ!02W'Wab+ EVÌ|GA9#609Y.ﬀ7B?@GA -#ØªÍa0563=9#6
Ç: L-02>#bﬀ?@Wﬀ053uÎf3F*ﬀ9ŁÇ3J7*a E7?!77026F,\?@"+ -7B023ﬂ E7
"g
T: iEñSóﬀ&:ﬃWSÌ








ce?!"a E!V1#H-9#"+0GA -"8053B7?!,/ E70J7*ﬀ0L -!b+023s9-;ª7F*ﬀ0.+*Y1ﬀ3B?@GA -a.+ ŁÌ
6F -,8027B026F3;«9Y6\.d9#3F3B?@Íﬀ!0M0`×+.d026?!,805"#7F E9#Í+3026LŁ E7?V9Y"[9-;7*ﬀ053B0
<JQS3[?!"æ ÖNJ6 ->->-ÌO>Y6 -7B?@"ﬀ>,\05Wﬀ?@b+,U& ﬃü.+ #6 #,80A7B056[Gz*a -6BÌ










7F*ﬀ08<:QUÇJ?@Wﬀ7*g&hcª6B9Y, 7*ﬀ0/W+ E7F %.+602302"Y702W?@"Ù7*+0\?@"+30A73ﬂ7B9
ce?!>#32&-T -"+WZî+H?V7;«9-!V9ŁÇ37*+ -77*+?!3=.+ -6F -,8027B0267 #÷E023^ "ﬀ05 -6V1



















h T: óŁg,UH -"aW
ï





.d9#6F E±39-!?!7B9#"a3Çf056B0ÖØd637¹9YÍ+3B056BL#02W?@"ì øNJ6 ->->-ÌO>Y6 -7B?@"ﬀ>
,802Wﬀ?@b+,UH

Ç #38L-0261@ -6>-0%?@"¾G`9#,/.+ #6B?@39#"ÇJ?!7*È7*ﬀ?@3/023BÌ
7B?@,/ E70-H5hT2ß.+3½Û}T5ïŁÜ|&¹ò9ŁÇ0AL#0262He?V7/?@38"+9-7· [.a6B9YÍﬀV05,å7B9
GA602 -7B0· ½,ZbaGz*3F*ﬀ9Y6B7026.+bﬀ@30-&Mcd9#6?@"+3B7F -"+GA0-H=7*ﬀ0/Øª6370`×SÌ
.d026?!,802"Y7F Eg9YÍ+3B056BLŁ -7B?!9#"M9-;s7B02,/.d9#6F Eg39-!?V79#"+3:?@"½ /3B05G`9Y"+WSÌ
*+ #6,89#"+?!G`ÌO>#02"ﬀ056 -7B?@"ﬀ>U,805Wﬀ?!ba, Ç: -3'G2 -6F6B?!02W[9#b+7Zb+3?!"ﬀ>½7F*ﬀ0
.+bﬀ@3023'9-;J7*ﬀ0MÇJ?@Wﬀ7F*¹óER½.+3UÛ}T2ñEÜ|&½Õﬂ05"ﬀ026F E7?V9Y"[9-;J7*ﬀ0ÙT5ßU;3
.+bﬀ@30238?!38702Gz*+"ﬀ?@GA -V!1¹G`9Y,/.ﬀV?@GA -7B05WËÍ+bﬀ7·.d9#3F3B?@Íﬀ!0-&ce?@"+ E!V1#H
ce?V>d&îE ·GAV05 -6V1U3*ﬀ9ŁÇ37*+ -77*ﬀ0\L-02V9ﬀG`?!71± -7Ç*ﬀ?@Gz*½,89ŁLY?@"ﬀ>







0 -.+.+602GA?! -7B0ÙLŁ -!b+ #Íﬀ!0DWﬀ?@3G2b+33?!9#"+3%ÇJ?V7F*C¹& a&cd6?V05WSÌ
,/ -"PH
4
& d&#X' #b+.PHd\&}Qª&SX?VLﬀ3F*+ -62H# #"+Wd& #"ﬀ>a&sIJ*ﬀ037 189E;
















¬=mYx2##¥¸- ¹ﬂP¶dnun\x2SŁ¦ﬂ ºﬂ ¬fP¶ªnu{#YÙ¨sx`yV5nu'x¥c«t2rr_nFp|
#x2/¥+´¨ﬀ¨+»5
 ¼

















































































































































































-6 -4 -2 0 2 4 6
D
(a) (b)c P
D
D
(c)
|U| 2
|V| 2
ξ
ξ
1
2 3
4
1
2 3
4
3
2
1
1
2
3
4
4
412
3
E
¯P£e®ﬂ-¬E%Â^x2p|vt5{Yqepnu~Ypnuq|nuŁrBxArvt5YqtAªr_m#n:qOvYAyVnJ¦#p_x2YwBmZt2dr_mYn
tA¢ŁvYﬂnuh¦ﬀnuY#nu8q|t2y}v}r_t5YqfnF¯EvVqOrvYv8r_m#nJ~YmŁ¡#qOv!wFxAy}y}¡8pnFynu¢2x2Łr
wux5q|n5¥S²%³´zµ5¬1¥:«xer_mYnqx2nx2qv°¯)v#´+ÆP¨¦Ser_m#nt5nuŁr_{Y
¢#qFÐ-Æﬀ«wzªr_mYnsnu#nup2¡ﬂ¢-qFÐ8¥sv}r_mhvYq|nFrBq^q|m#tzsvV#:r_mYnq|tAyV{-rvt5Sq
xAryVxA¦ﬀnFynz%~ﬀtAvErBqFJlemYnﬂ®E{-vnzqwFnuŁrJq|tAy}vr_t2Sq:¦#p_x2Sw_m·@pt2æm#vVw_m
r_mYn:t`¢ŁvY2¤q|tAyv}r_t2/¦Yp_xASw_m8¦#v}!{Yp_wux`r_nzqev!qxAyVq|t'q|m#t`a
ñ
